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(54) UV curing process and product 



(57) A three-stage UV curing process 
whereby a UV-curable substrate is 
initially exposed to long wave length 
light of low intensity, thereby causing 
the bottom portion of the substrate to 
gel while leaving the top surface 
essentially unaffected, followed by 
irradiation with shorter-wave length 



UV light under an inert atmosphere, 
thereby causing the surface of the 
substrate to gel. The final stage 
involves conventional exposure to 
strong UV light whereby the entire 
structure is cured to give a product 
having a finely controlled surface 
texture. The resulting products are 
useful as surface coverings, and 
particularly as floor and wad 
coverings. 
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SPECIFICATION 

UV curing process and product 

The present invention relates to UV curing 
processes and more particularly to UV curing 
5 processes for preparing products having controlled 
surface texture, in particular surface covering 
materials, for example, flooring materials. 

UV curable surfaces have come into wide use in 
recent years, particularly in the flooring industry. 
1 0 Such surfaces have proved to be tough and 
durable, and thus are well suited for use as 
protective surfaces. 

Surfaces which were initially produced by US 
curing were manufactured by single-stage 
1 5 exposure of a UV curable substrate to strong 
ultraviolet light Problems in the quality of the 
resulting structures, however, ultimately led to 
modifications in the early processes, thereby 
giving improved products. 
20 A number of U.S. patents describe processes 
for curing radiation-curable substrates. For 
example, U.S. Patent 3,840,448 discloses a 
process for blanketing a UV curable substrate in 
an inert atmosphere and subjecting it to low- 
25 pressure, low-intensity mercury lamps which 

primarily emit a wave length of 2537 angstroms- 
U S. Patent 3,930,064 discloses flash irradiation 
of UV curable substrates at wavelengths of 1 894 
angstroms, 3890 angstroms and 1 974 
30 angstroms; U.S. Patent 3,943,046 discloses flash 
photolysis as the initial radiation step, followed by 
sustained exposure using the same light source- 
U.S. Patent 4,1 65,265 discloses a multiple step 
curing process using an initial wave length range 
35 of 3800 to 4200 angstroms, followed by 

irradiation with wave lengths of from 3600 to 
3800 angstroms; U.S. Patent 4,309,452 discloses 
irradiation of a first layer of UV curable material at 
a wave length of 2500 to 4000 angstroms in an 
40 oxygen-containing atmosphere, followed by 
application of a second layer of UV curable 
material which is cured in an inert atmosphere 
containing less than 1 000 parts per million of 
oxygen; and U.S. Patent 4,3 1 3,969 discloses 
^ gloss control through the use of inert particulate 
materials and irradiation at long wave lengths, 
followed by final curing at shorter wave lengths. 

Despite these references which relate to the 
use of UV curable substrates, substantial difficulty 
b ° ,s sttlf encountered in adequately controlling 
surface wrinkling during exposure to ultraviolet 
light. 

The present invention provides a technique 
utilizing UV irradiation whereby gross surface 
55 wrinkles may if desired be avoided and fine 
surface texture obtained. 

The present invention also provides a process 
for preparing UV-cured substrates in a routine and 
reproducible manner whereby the surface texture 
60 may be accurately controlled. 

The present invention more especially provides 
a three-stage UV curing process whereby a UV- 
curable substrate is initially exposed to long wave 
length light of low intensity, thereby causing the 



65 bottom portion of the substrate to gel while 

leaving the top surface essentially unaffected The 
first stage irradiation is followed by irradiation 
with shorter wave length UV light in an inert 
atmosphere, thereby causing the surface of the 
70 substrate to gel. The final stage of the curing 
process employs exposure to strong UV light 
whereby the entire structure is cured to give a 
product having finely controlled surface texture. 
The resulting products are useful as surface 
75 coverings, and particularly as floor and wall 
coverings. 

In one aspect, the present invention provides a 
process for accurately controlling the surface 
texture of UV-cured substrates, said process 
80 comprising the steps of exposing a UV-curable 
substrate having a thickness of not less than about 
two mils (0.05 mm) to an ultraviolet light source 
which emits a wave length of from about 3000 to 
about 4200 angstroms (herein sometimes 
85 referred to as long wave length) for a period of 
time which will cause the bottom portion of said 
substrate to gel but which will have essentially no 
effect on the upper surface of said substrate ■ 
blanketing the partially gelled substrate with an 
90 inert gas and exposing said substrate to a low- 
pressure mercury ultraviolet light source to gel the 
upper surface of said substrate and cause 
development of a desired surface texture; and 
exposing the gelled substrate to strong ultraviolet 
95 light to effect final curing and essentially fix the 
surface texture. 

In a second aspect the present invention 
provides a UV-cured substrate having a fixed 
1 nn surface textur e, said substrate being obtained by 
i UU exposing a UV-curable substrate having a 
thickness of not less than about two mils 
(0,05 mm) to an ultraviolet light source which 
emits a wave length of from about 3000 to about 
4200 an 9 stroms for a period of time which will 
1 05 cause the bottom portion of said substrate to gel 
but which will have essentially no effect on the 
upper surface of said substrate; blanketing the 
partially gelled substrate with an inert gas and 
exposing said substrate to a low-pressure mercury 
1 1 0 ultraviolet light source to gel the upper surface of 
said substrate and cause development of a desired 
surface texture; and exposing the gelled substrate 
to a strong ultraviolet light source to effect final 
curing and essentially fix the surface texture. 
115 (n a third aspect, the invention provides a 

process for curing a UV-curable substrate having a 
thickness of at least 0.05 mm, which comprises 
first exposing the substrate to an ultraviolet light 
source emitting light at a wavelength from 3000 
1 20 angstroms to 4200 angstroms for a time sufficient 
to gel the portion of the substrate remote from the 
source but insufficient to cause any significant 
gelling of the surface of the substrate closer to the 
source, blanketing the partially gelled substrate 
125 with an inert gas and exposing it to a low intensity 
source emitting ultraviolet light at a wavelength 
less than 3000 angstroms to gel the said surface 
and cause development of a desired surface 
texture, and finally exposing the substrate to a 



strong ultraviolet light source to complete curing 
and fix the surface texture. 

The early prior art relating to UV curing 
procedures using strong UV light discloses 
i,v ° eSS l1 WhiGh invo,ve d the total blanketing of a 
UV-curable surface with an inert gas in an attempt 
to protect the surface from oxygen. It was 
subsequently learned, however, that providing an 
m 1"!? atm ? s P here was necessary only until the 
10 surface of the substrate had cured, at which point 
the surface itself became an oxygen barrier. This 
procedure had definite drawbacks, however 

Hnr^f^ 6 S " rfa ° e COating shrank significantly 
during the curing process and the fluidity of the 
1 5 underlying uncured substrate allowed the surface 
to assume a contour that accommodated the 
stresses which had been induced by the curing of 
the surface layer. Great difficulty has been 
20 ; e n n ^ Untered in * he flo °""ng industry, in particular, 
20 m overcoming this detrimental effect. 

Among the solutions which have been 
proposed is the use of intermediate-wave length 
light, such as taught in U.S. Patent No. 3,840 448 
which was referred to above. The light source'is 
25 conventionally a low-pressure mercury lamp 
commonly called a germicidal lamp, having an 
intensity of 3 watts per inch (-0.1 2 watts per 
mm) or less, which emits light primarily at a wave 

30 Li?,? H° Ut 25A ? an 9* r °™- These lamps are 
30 usually used m combination with a nitrogen 
blanket to gel or "skin off" the surface of a UV- 

f^-^stra.te.-The-light-does-not-penetrate-th-^ 

substrate to any great extent, however, because 
the substrate itself acts as a filter for light having 
35 hat wavelength. Accordingly, strong radiation"? 
required to achieve final curing. 

The procedure works well for thin coatings (i e 
coatings having a thickness of ca. 1 mil or 

40 n?J> 5 < mm>; however < where thick coatings are 
40 used (e.g coatings from 2-1 5 mils (0.05 to 

0 38 mm) thick) gross wrinkling often occurs 

1 hus, a method has long been sought to 
adequately and predictably control the surface 
working of UV-curable substrates. 

Surprisingly, it has been discovered that the use 
of very low mtensity, long wave length light to ore- 
gel the bottom layer of a relatively thick c'oat inTof 
UV-curable material will provide an apparent 
stabilization to the UV-curable structure. 
™ Thereafter, when the upper surface, which is 
unaffected by the long wave length light is 
blanketed in an inert atmosphere and subjected to 
germicidal texturing lamps, a surface cure is 
effected in which the surface texture can be very 
carefully controlled. Consequently, when final cure 
-s effected by exposing the substrate to strong UV 
hght , n a manner which is well known in the art 
no further change in surface texture occurs and' 
the existing texture is essentially fixed. 
The long wave length light of the present 

sooS^oo"" 6 a wave length of ?rom about 

* o„t 00 an 9stroms, but preferably of from 
tntZl^ 0 ? l ° 3bOUt 3600 a ng" troms, It an 
65 I / X X « not more tnan about 1 to 2 watts oer 
65 ,nch (-0.04 to 0.08 watts per mm). LigrTt of thta 



wave length and intensity is not filtered by the 
substrate; yet, in air. it is not strong enough to 
overcome oxygen inhibition so as to cause 
gellation of the surface. Therefore, the surface 
remains liquid while internal gellation occurs 
Particularly satisfactory results have been 
obtained using Sylvania F-20T12-BLB blue lamps 
which primarily emit radiation having a wave 
length of about 3560 angstroms. Conventional 
germicidal lamps and strong (medium-pressure 
mercury) lamps are used for the last two steps of 
the process, respectively. 

To practice the present invention, a UV-curable 
fin f U I' 3 , 6 is . Dassed ben eath a bank of long wave 
80 ength, low intensity lights to obtain gellation of 
the lower regions of the substrate without 
substantially affecting the surface. The dwell time 
under the lights may vary depending on a number 

of Parameters including the number of lamps their 
85 wave length and intensity, the distance between 
the lamps and the substrate, and the nature of the 
substrate. However, when using a light bank 
comprising ten of the Sylvania lamps described 

qn ^° Ve ' T'L times of from about 4 to about 
yo 25 seconds have been found satisfactory to cure 
the lower regions of a substrate which is about 
6 mils (-0.15 mm) thick. Nevertheless it is 
. emphasized that substantially thicker coatings 
. may also be treated according to the present 
'nvention. Thus coatings from 3—1 5 mils (0.076 
__. to 3.8 mm),_but,Rre,f,erably_from-4— 1Q-mils-(0-1- 
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tn n 0 r- , — . . i-w-miis-VUrl 

to 0.25 mm), thick may be cured as taught herein 
„,r 1 tn< ? second sta 9e of the process, the partially 
cured substrate is blanketed with an inert gas such 
as nitrogen and irradiated with conventional 
germicidal lamps to gel the surface and provide 
the des,red texture. While the applicants do not 
desire to be bound by any theory of operability it 
appears that the surface texturing results from a 
change of volume as the surface film of the 
SU i St r^ converts from a liquid to a solid (gel). As 
with the long wave length lamps, the exposure 
time will vary depending on a number of 

1 1 0 i^nTfTL 5 " 33 lamp inte ™ty, the number of 
IT P a . nd the ' ,ke - Satis ^tory results have been 
obtained using a bank of twelve General Electric 

tn 5? ^ f ° r dWe " times ran 9' n 9 from about 4 
to about 25 seconds. 

As the final step of the process, the gelled 

1 * structure having the desired surface texture is 

exposed to high-intensity UV light to effect final 

curing and permanently fix the surface 

characteristics. It should be noted, however, that if 

1 20 So 9 3 ^T. ' apSe ° CCUrS betw een exposure to 
1^0 the germicidal lamps and the final cure the 

structure may adjust itself during the interim so as 
to minimize or eliminate the texturing 
Accordingly, if texturing in the sense of a surface 

1 25 Ih XtU ,w ° th r thaP f ' at is desired ' this adjustment 
125 should not be permitted to occur. 

With the aforementioned process in mind it 
will be seen that the surface texturing may be 
varied in a number of ways. The most preferred 
way, however, is to vary the relative exposure 
JU t,mes of the substrates to the long wave length 
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lamps and the germicidal lamps. Thus, if gross 
surface wrinkling is desired, shorter exposure to 
the long wave length light would be required 
whereas, if fine surface texture is desired, longer 
5 exposure to the long wave length light would be 

'^advantages of the present invention will be 
seen from the following examples. 



1 0 EX A^o 3 |id vinyl substrate was coated with a 

5 _6 mil {0.1 3 to 0.1 5 mm) layer of a urethane- 
acrylate coating composition. The preparation of 
this composition is set forth in Example I of U.S 
Patent No. 4,289,798, the disclosure of which is 
15 herein incorporated by reference. 

The coated substrate was passed beneath a 
series of the following radiation sources at a rate 
of 6 feet per minute. The first radiation source 
comprised a bank of ten Sylvania F-20T1 2-BLB 
20 blue lamps. These lamps emit wavelengths 

between 3000 and 4200 angstroms, with a peak 
emission at 3560 angstroms, at an 'ntansjW of 
one watt per inch (0.04 watts per mm). Exposu re 
to this radiation for 22 seconds caused pre-ge»<ng 
25 of the lower portion of the UV-curable coating 
In the second stage of the curing process the 
partially gelled substrate was blanketed with 
■nitrogen and passed beneath a bank of twelve 
GE 6 1 5T8 germicidal lamps which emit a 
30 wavelength of about 2540 ™^ ro ™™^*° 
have an intensity of one watt per inch (0.04 watts 
per mm). Exposure to this second stage treatment 
for Seconds resulted in gellation of the upper 
surface of the coating. . 
35 The final step of the curing process involved a 
conventional exposure of the gelled substrate to a 
hiqh-intensity (300 watts per inch or about 
1 1 8 watts per mm) UV light source by means 
well in in the art, resulting in complete cunng 
40 of the product. , 
The results obtained using this sequence of 
steps could be varied depending on the dwell tirne 
of the substrate under the long wavelength light 
Thus if the substrate were only briefly exposed to 
45 the long wavelength radiation, significantly more 
surface wrinkling was obtained than if the 
substrate were exposed for a longer period of time 
to this radiation, it has been noted, however, that 
the same effect could not be suitably achieved by 
50 limiting the number of long wave length lamps. 
For example, using 5 rather than 1 0 of the 
Sylvania lamps results in unsatisfactory gelling of 

the substrate. K . . . . 

Conversely, limiting the number of germicidal 
55 lamps did not have the same detriments .I eff ec 
presumably because only the surface film is gelled 
by exposure to these lamps. Thus only minor 
changes in texture were obtained by reducing the 
number of germicidal lamps from 1 2 to b. 

60 EX Z P „ L «n.ion a , rel ease paper 

the UV curable coating described in Example i 
and the coating was cured as described in that 



example, except that 6 germicidal lamps were 
65 used. No difference was noted in the results 

suggesting that the nature of the support surface 
is immaterial to the curing of the UV curable 
coating. 

EXAMPLE 3 
70 A floor tile was coated with the coating 

material described in Example 1 and the coated 
tile was passed through the P roce . ss S 1 !"" 1 ^ f '" t 
Example 1 using a conveyor speed o1 f 20— 30 feet 
(~6 to 9 m) per minute. At that speed, the 
75 substrate had a dwell time of 4.5 seconds under 
each bank of lamps. Twelve germicidal lamps 
were used during this experiment As before, 
surface wrinkling could be controlled by the 
Oration of exposure of the substrate to the long 
80 wavelength radiation. 



EXAMPLE 4 

The process of Example 1 was repeated using a 
solid vinyl support surface and a UV curable 
printing ?nk (Burden 1 1 9 POG-LUV coating) 
85 comprising acrylated urethane. N-v,nylpyrrol.done 
and ethoxy-ethoxyethyl acrylate and having a 
viscosity of 1000 cps. The same results were 
obtained for this UV-curable print.ng ink as were 
obtained for the UV-curable coating used in 

90 ^t"? pr'es^invention is not restricted solely to 
the descriptions and illustrations provided above, 
but encompasses all modifications envisaged by 
the following claims. The invention also provides 

95 any new and novel feature or combination of 
features herein disclosed. 

CL ! ' Aprocess for controlling the surface texture 
of UV-cured substrates, said, process comprising 

1 00 the steps of : 

exposing a UV-curable substrate having a 

thickness of not less than about two mils to a first 
ultraviolet light source which emits a wave length 
of from about 3000 to about 4200 angstroms for 
1 05 a period of time which will cause the bottom 

portion of said substrate to gel but which will have 
essentially no effect on the upper surface of said 

^blanketing the partially gelled substrate with an 
1 1 0 inert gas and exposing said substrate to a low- 

pressure mercury ultraviolet light source to gel the 
upper surface of said substrate and cause 
development of a desired surface texture; and 
exposing the gelled substrate to a strong 
1 1 5 ultraviolet light source to effect final curing and 
essentially fix the surface texture. 

2 The invention as set forth in claim 1 hereof 
wherein said first light source emits primarily 
between 3300 and 3600 angstroms. 
1 20 3. The invention as set forth in claim 2 hereof 
wherein said first light source emits at about 35bu 
angstroms at an intensity of about 1 watt per inch. 

4 The invention as set forth in claims 1 , ^ 
hereof wherein said substrate has a thickness of 
1 25 from about 3 to about 1 5 mils. 
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5. The invention as set forth in claim 4 hereof 
wherein said substrate has a thickness of from 
about 4 to about 1 0 mils. 

6. A UV-cured substrate having a fixed surface 
5 texture, said substrate being obtained by: 

exposing a UV-curable substrate having a 
thickness of not less than about two mils to a first 
ultraviolet light source which emits a wave length 
of from about 3000 to about 4200 angstroms for 
10 a period of time which will cause the bottom 

portion of said substrate to gel but which will have 
essentially no effect on the upper surface of said 
substrate; 

blanketing the partially gelled substrate with an 
1 5 inert gas and exposing said substrate to a low- 
pressure mercury ultraviolet light source to gel the 
upper surface of said substrate and cause 
development of a desired surface texture; and 
exposing the gelled substrate to a strong 
20 ultraviolet light source to effect final curing and 
essentially fix the surface texture. 

7. The invention as set forth in claim 6 hereof 
wherein said first light source emits primarily 
between 3300 and 3600 angstroms. 

25 8. The invention as set forth in claim 7 hereof 
wherein said first light source emits at about 3560 
angstroms at an intensity of about 1 watt per inch. 

9. The invention as set forth in claims 6, 7 or 8 
hereof wherein said substrate has a thickness of 

30 from about 3 to about 1 5 mils. 



1 0. The invention as set forth in claim 9 hereof 
wherein said substrate has a thickness of from 
about 4 to about 1 0 mils. 

1 1 . A process for curing a UV-curable substrate 
35 having a thickness of at least 0.05 mm, which 

comprises first exposing the substrate to an 
ultraviolet light source emitting light at a 
wavelength from 3000 angstroms to 4200 
angstroms for a time sufficient to gel the portion 

40 of the substrate remote from the source but 

insufficient to cause any significant gelling of the 
surface of the substrate closer to the source, 
blanketing the partially gelled substrate with an 
inert gas and exposing it to a low intensity source 

45 emitting ultraviolet light at a wavelength less than 
3000 angstroms to gel the said surface and cause 
development of a desired surface texture, and 
finally exposing the substrate to a strong 
ultraviolet light source to complete curing and fix 

50 the surface texture. 

1 2. A cured substrate whenever produced by 
the process of claim 1 1 . 

1 3. A substrate as claimed in claim 1 2, which is 
a surface covering material. 
55 1 4. A process as claimed in claim 1 , whenever 
carried out substantially as described in any one of 
the examples herein. 

1 5. The product of the process of claim 1 4. 
1 6. Any new and novel feature or combination 
60 of features hereinbefore described. 
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